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1. INTRODUCTION {#jdb12887-sec-0005}
===============

Over the past decade, an estimated 92‐113 million adults in China were diagnosed with diabetes, and approximately 148‐493 million others were found to be prediabetes, which placed them in a group with one of the prime causes of mortality and disease burden worldwide.[1](#jdb12887-bib-0001){ref-type="ref"}, [2](#jdb12887-bib-0002){ref-type="ref"}

Cardiovascular (CV) events, including myocardial infarction and stroke, are the major causes of disability and mortality. An international study from 22 countries identified multiple stroke risk factors and found that hypertension and diabetes were the two important factors in addition to smoking status, abdominal obesity and history of cardiovascular disease. These factors account for 90% of the stroke risk.[3](#jdb12887-bib-0003){ref-type="ref"} Moreover, patients with impaired glucose tolerance (IGT) frequently have similar vascular risk factors, such as obesity, hypertension and lipid metabolic abnormalities.[4](#jdb12887-bib-0004){ref-type="ref"} Individuals with IGT comprise one‐third of patients experiencing a transient ischemic attack (TIA) or ischemic stroke[5](#jdb12887-bib-0005){ref-type="ref"}, [6](#jdb12887-bib-0006){ref-type="ref"} and have a 2‐fold greater risk of recurrent stroke.[7](#jdb12887-bib-0007){ref-type="ref"}

The 23‐year follow up of the Da Qing Diabetes Prevention Study (DQDPS) had reported that subjects with IGT had a 38% greater risk of cardiovascular diseases than people with normal glucose tolerance.[8](#jdb12887-bib-0008){ref-type="ref"}, [9](#jdb12887-bib-0009){ref-type="ref"} In the present post‐hoc analysis, we assessed the role of baseline blood pressure (BP) and plasma glucose on the risk of subsequent CVD events, including myocardial infarction and stroke, in relation to the progression of diabetes in people with IGT over the 23‐year follow up in the DQDPS.

2. METHODS {#jdb12887-sec-0006}
==========

2.1. Research design {#jdb12887-sec-0007}
--------------------

The details of the design of the DQDPS and the 20‐year follow‐up outcome studies have been mentioned previously.[10](#jdb12887-bib-0010){ref-type="ref"}, [11](#jdb12887-bib-0011){ref-type="ref"}, [12](#jdb12887-bib-0012){ref-type="ref"} Briefly, in 1986, 2‐hours plasma glucose levels were measured in 110 660 subjects (87.3% of the eligible study population, 55 391 men and 55 269 women) from 33 care clinics after a standardized breakfast (100‐g steamed bread bun containing 80 g of carbohydrates). Non‐diabetes individuals with a 2‐hours plasma glucose level of 6.7 mmol/L or more received an oral glucose tolerance test (OGTT). Based on the results of these tests, 576 adults (312 men and 264 women) were identified as having IGT according to the 1985 World Health Organization (WHO) criteria.[13](#jdb12887-bib-0013){ref-type="ref"} The participants were cluster randomized by clinics to one of three lifestyle interventions (diet, exercise, diet plus exercise) or a control group,[12](#jdb12887-bib-0012){ref-type="ref"} and were re‐examined at 2‐year intervals over a 6‐year follow‐up period. We subsequently conducted a 23‐year follow‐up study to determine the incidence of diabetes and diabetes‐related complications. The study were approved by the institutional review boards at the WHO and Human Ethics Committee of the China‐Japan Friendship Hospital. All participants and their proxies for the deceased participants provided written informed consent for the follow‐up studies. Diabetes was defined according to the 1985 WHO criteria based on the results of OGTT performed every 2 years during the lifestyle intervention period (1986‐1992), and at the 20‐ and 23‐year re‐examinations, or by self‐reports of physician‐diagnosed diabetes or evidence of taking hypoglycemic medications in the patient\'s medical records.[8](#jdb12887-bib-0008){ref-type="ref"}, [9](#jdb12887-bib-0009){ref-type="ref"}, [10](#jdb12887-bib-0010){ref-type="ref"}, [11](#jdb12887-bib-0011){ref-type="ref"}, [12](#jdb12887-bib-0012){ref-type="ref"} CVD events included stroke and myocardial infarction. Stroke was defined as the speedily developing clinical symptoms of local (or global) disturbance of cerebral function sustaining more than 24 hours or resulting in death with no other causes except cerebral vascular origin, while transient ischemic attacks were not covered in the study. Myocardial infarction was diagnosed with the clinical evidences, enzymology and X‐ray examinations. In the present analysis, 568 subjects with IGT were stratified into two groups based on whether they were hypertensive at entry. We measured sitting brachial BP twice with standard mercury sphygmomanometer, and used the mean value in the data analysis. Hypertension was defined as systolic BP (SBP) of 140 mm Hg or more and/or diastolic BP (DBP) of 90 mm Hg or more. There were 271 subjects in the non‐hypertensive group (NBP) and 297 subjects in the hypertension group (HBP). The hypertensive subjects received running antihypertensive therapy in local clinics according to the related guidelines throughout the long‐term follow‐up period.

2.2. Statistical analyses {#jdb12887-sec-0008}
-------------------------

The data are presented as the means (±SD) or counts (percentages). Descriptive statistics were compared between the HBP and NBP groups. Student\'s *t* test was used to compare normally distributed continuous variables, and the *χ* ^*2*^ test was used for categorical variables. CVD events, stroke, myocardial infarction and the diabetes incidence rates in the HBP and NBP groups were calculated according to the number of person‐years. One thousand person‐year incidence of different CVD events occurred before and after the progression to diabetes from IGT in different groups were also calculated. Survival time (in years) is reported as median unadjusted and Cox proportional hazards models were used to determine the different contribution adjusted for age and sex. In models investigating the independent association of BP and the onset of diabetes on subsequent risk of CVD events, the diabetes status was used as a time‐dependent variable in an extended Cox model,[14](#jdb12887-bib-0014){ref-type="ref"}, [15](#jdb12887-bib-0015){ref-type="ref"} controlling for baseline covariates, such as age, sex, body mass index (BMI), BP, smoking status, intervention and plasma cholesterol. Differences were considered significant if the two‐sided *P*‐values were 0.05 or less. Statistical analyses were conducted with SAS version 9.4 (SAS Institute, Cary, NC, USA).[16](#jdb12887-bib-0016){ref-type="ref"}

3. RESULTS {#jdb12887-sec-0009}
==========

Five hundred and forty‐two participants (94%) had complete data for CVD events and 568 (99%) contributed diabetes data to the analysis (Figure [S1](#jdb12887-supitem-0001){ref-type="supplementary-material"}). The clinical characteristics of the participants are shown in Table [1](#jdb12887-tbl-0001){ref-type="table"}. At baseline, participants in the HBP were up to 5 years older and BMI and BP values were higher in the HBP than in the NBP group. The proportion of smokers was lower in the HBP (37.0%) than in the NBP (45.8%) group. No differences were found in sex and the plasma glucose concentrations between the HBP and NBP. At the end of the active intervention in 1992, participants in the HBP had higher BP (*P* \< 0.0001) and fasting plasma glucose concentrations (*P =* 0.03) than those in the NBP group.

###### 

Baseline characteristics in 1986 and characteristics at end of the intervention in 1992 in the IGT groups with and without hypertension

                              Non‐hypertension group (n = 271)   Hypertension group (n = 297)   *P*‐value
  --------------------------- ---------------------------------- ------------------------------ -----------
  At baseline (in 1986)                                                                         
  Age (y)                     42.8 ± 8.0                         47.4 ± 9.9                     \<0.0001
  Sex                                                                                           
  Men                         141 (52.0%)                        168 (56.6%)                    0.28
  Women                       130 (48.0%)                        129 (43.4%)                    
  Smoker (%)                  124 (45.8%)                        110 (37.0%)                    0.04
  Body mass index (kg/m^2^)   24.9 ± 3.6                         26.7 ± 3.8                     \<0.0001
  FPG (mmol/L)                5.6 ± 0.8                          5.6 ± 0.8                      0.58
  PG2h (mmol/L)               8.9 ± 0.9                          9.0 ± 0.9                      0.17
  Cholesterol (mmol/L)        5.0 ± 1.1                          5.2 ± 1.5                      0.06
  Blood pressure (mm Hg)                                                                        
  Systolic                    115.8 ± 10.8                       148.3 ± 21.0                   \<0.0001
  Diastolic                   76.7 ± 6.4                         97.3 ± 10.4                    \<0.0001
  At end (in 1992)                                                                              
  FPG (mmol/L)                6.8 ± 2.2                          7.4 ± 3.8                      0.03
  PG2h (mmol/L)               10.7 ± 4.3                         11.4 ± 4.5                     0.07
  Cholesterol (mmol/L)        5.2 ± 1.2                          5.2 ± 0.9                      0.60
  Blood pressure (mm Hg)                                                                        
  Systolic                    122.5 ± 14.3                       139.8 ± 21.6                   \<0.0001
  Diastolic                   81.2 ± 11.0                        88.9 ± 12.2                    \<0.0001

Data are mean ± SD or percentage of participants in two groups. FPG, fasting plasma glucose; IGT, impaired glucose tolerance; PG2h, venous plasma glucose concentration 2 hours after 75‐g oral glucose load.

Table [2](#jdb12887-tbl-0002){ref-type="table"} shows that, during the 23‐year follow up, the cumulative incidence of diabetes was higher in the HBP group (80.8%, 240/297) than in the NBP (72.3%, 196/271, *P =* 0.02) group, with yearly incidence rates of 93.9/1000 person‐years in the HBP and 72.3/1000 person‐years in the NBP group. After adjusting for age and sex, the patients in the HBP group had a 26% (95% confidence interval \[CI\], 1.04‐1.54) increased risk of diabetes (Figure [1](#jdb12887-fig-0001){ref-type="fig"}A). Median survival time in the HBP group was 8.2 years, while that in the NBP group was 10.4 years. However, the independent association between plasma glucose, BP at baseline and the development of diabetes was only found in the HBP group. After the adjustment of age, sex, smoking, BMI and intervention, it was showed that 1 mmol/L increase of 2‐hours plasma glucose at baseline was associated with 25% increased risk of the development of diabetes (hazard ratio \[HR\] = 1.25, 95% CI, 1.08‐1.44, *P* = 0.003) and a 10‐mm Hg increase of SBP was associated with 9% increased risk of development of diabetes. Of note, in the NBP group, that the increase of SBP was not associated with the development of diabetes but at the same model 1 mmol/L increase of 2‐hours plasma glucose at baseline was found to be associated with 36% increased risk of the development of diabetes (HR = 1.36, 95% CI, 1.16‐1.60, *P =* 0.0001), showed in Table [3](#jdb12887-tbl-0003){ref-type="table"}.

###### 

Cumulative incidence of diabetes and CVD events in IGT subjects with and without hypertension over 23 years

                                                            Non‐hypertension group              Hypertension group
  --------------------------------------------------------- ----------------------------------- --------------------
  Diabetes incidence                                                                            
  n (%)                                                     196 (72.3%)                         240 (80.8%)
  Person‐years                                              2713                                2557
  Cases per 1000 person‐years (95% CI)                      72.2 (62.1‐82.4)                    93.9 (82.0‐105.7)
  HR, *P*‐value[†](#jdb12887-note-0004){ref-type="fn"}      HR = 1.26 (1.04‐1.54), *P =* 0.02   
  CVD events (including stroke and myocardial infarction)                                       
  n (%)                                                     80 (31.5%)                          133 (46.2%)
  Person‐years                                              4878                                4799
  Cases per 1000 person‐years (95% CI)                      16.6 (13.0‐20.2)                    27.7 (23.0‐32.4)
  HR, *P*‐value[†](#jdb12887-note-0004){ref-type="fn"}      HR = 1.35 (1.01‐1.81), *P =* 0.04   
  Stroke                                                                                        
  n (%)                                                     64 (25.2%)                          109 (37.9%)
  Person‐years                                              4949                                4864
  Cases per 1000 person‐years (95% CI)                      12.9 (9.8‐16.1)                     22.4 (18.2‐26.6)
  HR, *P*‐value[†](#jdb12887-note-0004){ref-type="fn"}      HR = 1.43 (1.03‐1.98), *P =* 0.03   
  Myocardial infarction                                                                         
  n (%)                                                     16 (6.3%)                           24 (8.3%)
  Person‐years                                              5243                                5503
  Cases per 1000 person‐years (95% CI)                      3.1 (1.6‐4.6)                       4.4 (2.6‐6.1)
  HR, *P*‐value[†](#jdb12887-note-0004){ref-type="fn"}      HR = 1.07 (0.55‐2.08), *P =* 0.84   

Compared with non‐hypertension group, age and sex adjusted.

Abbreviations: CI, confidence interval; CVD, cardiovascular disease; HR, hazard ratio; IGT, impaired glucose tolerance.

![A, Cumulative incidence of diabetes after adjusted for age and sex in people with impaired glucose tolerance (IGT) with and without hypertension at baseline over the 23‐year follow up. Median survival time for the patients with IGT with hypertension was 8.18 years and median survival time for those without hypertension was 10.35 years. B, Cumulative incidence of CVD event after adjusted for age and sex in people with IGT with and without hypertension at baseline over the 23‐year follow up. CI, confidence interval](JDB-11-593-g001){#jdb12887-fig-0001}

###### 

Influence of blood pressure and 2‐hours plasma glucose at baseline on the development of diabetes in IGT subjects with and without hypertension

                                Non‐hypertension group   Hypertension group                                          
  ----------------------------- ------------------------ -------------------- ------ ---------- ------ ------ ------ --------
  Age (y)                       1.01                     0.99                 1.03   0.22       0.99   0.98   1.01   0.21
  Sex (male = 1)                0.89                     0.64                 1.25   0.499      0.98   0.74   1.31   0.91
  Smoker (yes = 1)              1.16                     0.83                 1.63   0.38       0.98   0.74   1.30   0.88
  Intervention (yes = 1)        0.54                     0.39                 0.75   0.0002     0.64   0.48   0.85   0.002
  BMI (kg/m^2^)                 1.09                     1.05                 1.14   \<0.0001   1.07   1.03   1.10   0.0002
  2‐h plasma glucose (mmol/L)   1.36                     1.16                 1.60   0.0001     1.25   1.08   1.44   0.003
  SBP (10 mm Hg)                0.93                     0.81                 1.07   0.31       1.09   1.02   1.16   0.02

Abbreviations: BMI, body mass index; CI, confidence interval; IGT, impaired glucose tolerance; SBP, systolic blood pressure.

The cumulative incidence rate of CVD events was significantly higher in the HBP patients (46.2%, 133/288) than in the NBP patients (31.5%, 80/254). Stroke was the most common CVD event in both groups, accounting for 82.0% of the CVD events in the HBP and 79.0% in the NBP group. The majority of strokes were ischemic (149/173) rather than hemorrhagic (24/173) stroke. No difference was found in myocardial infarction between the participants in the HBP and NBP groups. The age‐ and sex‐adjusted risk of CVD events and stroke remained higher in the HBP than in the NBP group (Table [2](#jdb12887-tbl-0002){ref-type="table"}, Figure [1](#jdb12887-fig-0001){ref-type="fig"}B).

Approximately two‐thirds of the CVD events in both NBP and HBP groups occurred after the progression to diabetes from IGT. Table [S1](#jdb12887-supitem-0002){ref-type="supplementary-material"} shows that the sex and updated‐age adjusted incidence of CVD events was higher after the onset of diabetes than before in the NBP (23.2% vs 8.7%) and in the HBP (30.6% vs 15.6%) group, respectively. The yearly incidence rate of CVD events was 24.5 vs 9.5 per 1000 person‐years with a HR of 2.09 (95% CI, 1.22‐3.59) after the onset of diabetes than before the development of diabetes in the NBP group. The corresponding incidence rate of events in the HBP group was 37.1 vs 20.1 per 1000 person‐years with a HR of 1.77 (95% CI, 1.21‐2.58). However, the incidence of stroke was significantly higher after the onset of diabetes (24.7% vs 13.2%) than that before the development of diabetes in the HBP group (HR = 1.77, 95% CI, 1.16‐2.68) but not in the NBP group (HR = 1.59, 95% CI, 0.88‐2.86). The difference in the incidence of myocardial infarction after and before the onset of diabetes was seen only in the HBP group (5.5% vs 0.8%) with a HR of 6.31 (95% CI, 1.34‐29.65) (Table [S1](#jdb12887-supitem-0002){ref-type="supplementary-material"}).

A group of multivariable analyses showed, after the adjustment of some potential confounders such as age, sex, BMI, smoking status, plasma cholesterol and the influence of lifestyle intervention, that the baseline BP and progression to diabetes from IGT over the follow‐up period were independently associated with the development of first CVD events and stroke. A 10‐mm Hg increase in SBP was associated with a 7% (HR = 1.07, 95% CI, 1.011.12) increased risk of CVD events and an 8% (HR = 1.08, 95% CI, 1.01‐1.14) increased risk of stroke. Simultaneously, the progression to diabetes from IGT was associated with a 97% (HR = 1.97, 95% CI, 1.38‐2.80) higher risk of CVD events and a 91% (HR = 1.91, 95% CI, 1.29‐2.81) higher risk of stroke (Table [4](#jdb12887-tbl-0004){ref-type="table"}). As for myocardial infarction, perhaps due to the small number, the above‐mentioned association was not significant.

###### 

Impact of hypertension and progression to diabetes from IGT on the risk of stroke, myocardial infarction and CVD events over 23 years

                                                                     Stroke   Myocardial infarction   CVD events (stroke and myocardial infarction)                                                                  
  ------------------------------------------------------------------ -------- ----------------------- ----------------------------------------------- ---------- ------- ------ ------ -------- ------ ------ ------ ----------
  Age (y)                                                            1.05     1.03                    1.07                                            \<0.0001   1.08    1.04   1.12   0.0002   1.06   1.04   1.08   \<0.0001
  Sex (male = 1)                                                     1.33     0.92                    1.90                                            0.13       1.17    0.57   2.38   0.67     1.35   0.98   1.86   0.07
  BMI (kg/m^2^)                                                      1.00     0.96                    1.05                                            0.85       1.08    0.99   1.18   0.08     1.02   0.99   1.06   0.23
  Smoker (yes = 1)                                                   1.27     0.91                    1.79                                            0.17       0.57    0.27   1.20   0.14     1.08   0.80   1.47   0.62
  Cholesterol[†](#jdb12887-note-0007){ref-type="fn"} (mmol/L)        1.31     0.62                    2.80                                            0.48       0.28    0.06   1.10   0.07     0.93   0.47   1.83   0.84
  Intervention (yes = 1)                                             1.00     0.71                    1.40                                            0.98       0.76    0.39   1.49   0.43     0.98   0.72   1.32   0.87
  SBP (10 mm Hg)                                                     1.08     1.01                    1.14                                            0.02       1.002   0.99   1.02   0.78     1.07   1.01   1.12   0.02
  Diabetes status (yes = 1)[‡](#jdb12887-note-0008){ref-type="fn"}   1.91     1.29                    2.81                                            0.001      1.82    0.77   4.34   0.17     1.97   1.38   2.80   0.0002

Log‐transformed.

Diabetes status as time‐dependent variable.

Abbreviations: BMI, body mass index; CI, confidence interval; CVD, cardiovascular disease; IGT, impaired glucose tolerance; SBP, systolic blood pressure.

4. DISCUSSION {#jdb12887-sec-0010}
=============

A number of studies reported that the postprandial glucose level plays a significant role in the process leading to CVD events.[17](#jdb12887-bib-0017){ref-type="ref"}, [18](#jdb12887-bib-0018){ref-type="ref"}, [19](#jdb12887-bib-0019){ref-type="ref"} Patients with IGT had a 20% increased risk of stroke even after multivariate adjustment (1.20,1.00‐1.45).[20](#jdb12887-bib-0020){ref-type="ref"} A meta‐analysis of prospective studies also showed that IGT was an independent risk factor for stroke.[20](#jdb12887-bib-0020){ref-type="ref"} However, in the IGT population, whether CVD is the result of the long‐standing mild hyperglycemia or the subsequent development of diabetes or its coexisting risk factors, such as hypertension, remains unclear.

Hypertension occurs in 50‐60% of subjects with T2DM[21](#jdb12887-bib-0021){ref-type="ref"} and is 2‐ to 3‐fold more prevalent in patients with IGT than in the normal population.[22](#jdb12887-bib-0022){ref-type="ref"} In the present study, the IGT subgroup with hypertension had significantly higher incidence of diabetes over the 23‐year follow‐up period. The age‐ and sex‐adjusted diabetes incidence rate among IGT subjects with hypertension was 26% higher than that in those IGT subjects without hypertension. Does the hypertension, which coexisted with mild hyperglycemia, contribute to the progression to diabetes among the participants with IGT? Our results showed that the baseline BP predicted subsequent risk of diabetes in the HBP but not in the NBP group independent of the contribution of baseline plasma glucose level, probably suggesting that hypertension in IGT patients played an accelerating role in the deterioration of glucose homeostasis at the presence of mild hyperglycemia. Hence, the coexistence of mild hyperglycemia and hypertension at baseline led to a higher rate of development of diabetes.

Previous studies have shown that hypertension is the most significant risk factor for all stroke subtypes in the general population.[3](#jdb12887-bib-0003){ref-type="ref"} The risk of stroke increases continuously with increased BP. However, few previous articles have reported the risk of CVD events related to IGT in association with hypertension. In our study, we found that a high proportion in the IGT with HBP group experienced CVD events and stroke. After the age and sex adjustment, CVD events rates were approximately 35% greater than the rates in the NBP group and most of the CVD events in this IGT cohort occurred after the development of diabetes. Further analysis showed that the development of diabetes was associated with a double risk of CVD events even after full adjustment for BP and other confounders. These results may imply that hypertension in the IGT population increased the risk of diabetes, and the progression to diabetes from IGT further increased the CVD risk in our IGT cohort. Of note, the present data showed that a 10‐mm Hg increase in baseline SBP was associated with a 7.0% increased risk of CVD events independent of the progression to diabetes from IGT. This finding indicated that hypertension per se not only led to a higher incidence of cardio‐cerebral‐vascular disease, but also further increased the risk of CVD events by accelerating the development of diabetes among subjects with IGT. Thus, the results showed that hypertension had double effects in IGT patients, which was not clarified clearly before.

There is growing recognition that individuals with IGT represent a high‐risk population, and should be treated more aggressively to prevent CV events.[23](#jdb12887-bib-0023){ref-type="ref"} Findings in our study suggested that preventing the onset of DM and decreasing the BP should be considered key strategies for reducing the macro‐complications of diabetes. Lifestyle interventions were as effective as other treatments in improving blood glucose[11](#jdb12887-bib-0011){ref-type="ref"}, [12](#jdb12887-bib-0012){ref-type="ref"} and BP,[24](#jdb12887-bib-0024){ref-type="ref"} and even reducing the incidence of CVD‐related mortality in the DQDPS.[9](#jdb12887-bib-0009){ref-type="ref"} Therefore, lifestyle interventions can be recommended as a fundamental policy in IGT patients with hypertension.

The study had some limitations. First, glucose tolerance tests were examined systematically only at defined intervals during the 6‐year intervention period but not continued throughout the follow‐up period, even though an examination was conducted at 20 and 23 years. The clinical diabetes diagnostic procedure may delay the assessment of the time to onset of diabetes compared with systemic OGTT and may lead to underestimation of the influence of new‐onset diabetes on the development of cardiovascular disease events such as stroke and myocardial infarction. Second, we did not collect data of medications used in the long‐term follow‐up period; thus, we cannot adjust its influence on CVD‐related events.

5. CONCLUSION {#jdb12887-sec-0011}
=============

The present study found a long‐term increased risk in the development of diabetes among the IGT subjects with hypertension, and the coexistence of hypertension and mild hyperglycemia in this population led to a significantly higher risk of CVD events, especially the occurrence of stroke. It suggests that an individualized intervention targeted to control hypertension together with preventing the development of diabetes may favor the reduction of the diabetes‐related macro‐complications among the IGT population with hypertension.
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**FIGURE S1** Trial profile. CVD, cardiovascular disease.
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**TABLE S1** Cumulative incidence of stroke, myocardial infarction and CVD events before and after progression to diabetes in IGT subjects with and without hypertension.
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